We study the relationship between the UV and X-ray variability of the narrow-line Seyfert 1 galaxy 1H 0707-495. Using a year long Swift monitoring and four long XMM-Newton observations, we perform cross-correlation analyses of the UV and X-ray light curves, on both long and short time scales. We also perform time-resolved X-ray spectroscopy on 1-2 ks scale, and study the relationship between the UV emission and the X-ray spectral components -soft X-ray excess and a power-law. We find that the UV and X-ray variations anti-correlate on short, and possibly on long time scales as well. Our results rule out reprocessing as the dominant mechanism for the UV variability, as well as the inward propagating fluctuations in the accretion rate. Absence of a positive correlation between the photon index and the UV flux suggests that the observed UV emission is unlikely to be the seed photons for the thermal Comptonisation. We find a strong correlation between the continuum flux and the soft-excess temperature which implies that the soft excess is most likely the reprocessed X-ray emission in the inner accretion disc. Strong X-ray heating of the innermost regions in the disc, due to gravitational light bending, appears to be an important effect in 1H 0707-495, giving rise to a significant fraction of the soft excess as reprocessed thermal emission. We also find indications for a non-static, dynamic X-ray corona, where either the size or height (or both) vary with time.
INTRODUCTION
The primary continuum of radio-quiet active galactic nuclei (AGN) consists of the optical/UV big blue bump (BBB) and the X-ray power law with an energy cutoff at ∼ 100 keV (e.g. Malizia et al. 2014; Lubiński et al. 2016) . The BBB can extend from 1µm to 1000Å, and sometimes into the "soft" X-ray band, and is thought to be the thermal emission from an optically thick accretion disk. It is generally accepted that the X-ray power law arises from the Compton up-scattering of low energy disk photons by the hot electron cloud present in the Comptonizing corona (e.g. Shapiro et al. 1976; Zdziarski 1985; Sunyaev & Titarchuk 1980; Haardt & Maraschi 1991) . However, the geometry and origin of the corona is still unclear.
On top of the X-ray power law several other features are also observed e.g., the reflection hump in the 20 -50 keV, the (often broad) Fe Kα fluorescent line at ∼ 6.4 keV, and the soft X-ray excess (SE) emission below 2 keV which is seen as emission in excess of the 2 − 10 keV power law fit, when extrapolated at lower energies. The origin of the reflection hump and ⋆ PKP:pawar.pk123@gmail.com of the Fe Kα line is attributed to the reprocessed emission (also commonly referred as reflection) of the power law photons by the material in the vicinity of the central source, either the disc or the obscuring torus (George & Fabian 1991; Fabian et al. 2002) . However, the origin of the SE is less certain even three decades after its discovery (Singh et al. 1985; Sobolewska & Done 2005; Dewangan et al. 2007 ). Two of the most popular and currently accepted ideas are blurred ionized reflection from the inner part of the disk (Ross & Fabian 2005 ) and the Comptonization model (Petrucci et al. 2013; Done et al. 2012) . Both the reflection and Comptonization models fit reasonably well this component. Therefore, it is difficult to differentiate between the two models just by spectral studies.
Additional information is provided by the large amplitude, fast variations that AGNs exhibit at all wavelengths. Simultaneous optical/UV and X-ray variability studies, in particular, can provide important information on the relationship between the variations observed in these bands, which can then be compared with the different model predictions. For example, the reflection model assumes that the cold disk and/or torus is illuminated by the primary X-ray photon source. Part of the X-ray illuminating flux is expected to be absorbed and result in extra optical/UV emission, which will add to the observed BBB. If the primary X-ray emission is variable, the reprocessed component should also vary, and we should observe the X-rays variations to drive the variations in optical/UV band with a delay. Observationally, such lags have been detected in several sources (e.g. NGC4051: Mason et al. 2002 , ARK564: Shemmer et al. 2001 , NGC2617: Shappee et al. 2014 , NGC5548: McHardy et al. 2014 and Edelson et al. 2015 . In all cases though, the correlation between the X-ray and the optical/UV variations is moderate/weak. Recently, Buisson et al. (2017) reported the results from a systematic study of the simultaneous UV/X-ray variations in 21 AGN, using archival Swift data. They found (weak) X-ray/UV correlated variability in less than half of the objects in their sample. In all cases, the UV variations were lagging those observed in the X-ray band.
In the case of the Comptonization model, the SE is thought to be produced by thermal Comptonization of disk photons by a low temperature, optically thick corona. This model essentially requires two distinct coronae -one to produce the primary X-ray photons and another one to produce the SE. It is not obvious what should be the correlation between the optical/UV and the X-ray variations in this case. If accretion rate variations propagate from the outer to the inner part of the disc and/or the SE photons are the input photons to the hard X-ray emitting corona, then a delay of the X-ray variations, with respect to the optical/UV variations, should be expected. There are a few sources where such lag has been observed (e.g. MCG-6-3-0-15: Arévalo et al. 2005 and PKS 0558-504: Gliozzi et al. 2013) . However, in a few other similar sources no such lag has been observed (MRK335: Grupe et al. 2012 ).
Multi-wavelength variability studies can play an important role in order to understand the physical mechanism that drives the emission variations in different bands and, thus, clarify the complex interaction between the optical/UV, soft, and hard X-ray emission. Such studies can be performed with the use of data from current X-ray space missions such as XMM-Newton, Swift & ASTROSAT which can provide simultaneous X-ray and UV/Optical band observations. We present the results from a detailed study of the short as well as the long-term UV and X-ray variability of 1H 0707-495, using all the available Swift and XMM-Newton observations. 1H 0707-495 (z = 0.0411) is a Narrow Line Seyfert 1 (NLS1), which hosts a relatively low mass (MBH ∼ 5.6 × 10 6 M⊙; Pan et al. 2016) . It was initially detected by Remillard et al. (1986) using the HEAO I scanning modulation collimator. Its optical spectrum shows broad hydrogen lines (FWHM of Hβ = 1000 km s −1 ), very strong Fe II lines, and weak forbidden lines. Its soft X-ray emission properties and its variability were studied using ROSAT and ASCA (Boller et al. 1996; Turner et al. 1999; Leighly 1999) . 1H 0707-495 received significant attention after its first observation by XMM-Newton, where it exhibited a sharp spectral drop at ∼ 7 keV and a strong variability by a factor of ∼ 4. The flux drop was assumed to be due either to partial-covering absorption by neutral gas cloud or to strong reflection of X-ray photons from an ionized disc . Both interpretations require iron overabundance to explain the observed drop in flux. The overabundance of iron was expected to lead to accompanying iron L-line complexes, which were later detected by Fabian et al. (2009) . The same authors also observed a reverberation lag of about 30 s between the direct X-ray continuum and the soft band. The object was observed more times with XMM-Newton and the resulting data have been studied by several researchers in order to understand the detailed spectral behaviour and origin of the reverberation lag (e.g. Wilkins & Fabian 2011 Dauser et al. 2012; Kara et al. 2013; Epitropakis et al. 2016 ).
The detection of iron L and K lines and the soft/hard X-ray negative lag of ∼ 30 s suggest strong X-ray illumination of the innermost regions of the disc. This strong illumination may also result in optical/UV reprocessed emission. Since 1H 0707-495 has been extensively observed by both XMM-Newton and Swift the last decade, it is a good candidate to study the complex interaction between the disc and the X-ray corona through a correlation analysis of the archival UV and X-ray data from these two satellites. Recently, Robertson et al. (2015) published the results from a correlation study of the source, using the archival XMM-Newton observations. They reported a weak correlation between the X-rays and UV variations, with the later leading the X-ray variations by about ∼6.4 day. The lag magnitude is comparable to the total length of the observations (which casts some doubt on its significance). Nevertheless, Monte-Carlo simulations revealed that this delay was (moderately) significant at the ∼ 95% level.
We investigate the short and long term UV/X-ray correlation, and we compliment the flux correlation study with time resolved spectroscopy (using the XMM-Newton data only) and a correlation investigation between the resulting spectral parameters, on short time scales. Our results reveal an unexpected anti−correlation between the UV and X-ray variations on long time scales, and no correlation at short time scales. These results rule out X-ray reprocessing, or inward propagating mass accretion rate fluctuations, as possible causes for the UV variations. In addition, the time resolved spectroscopy results strongly support the hypothesis of strong Xray reprocessing in the inner disc. If both the inner disc and the X-ray source are close to the central black hole, strong relativistic effects will prevent the X-rays to illuminate the outer disc, thus explaining the lack of (positive) correlation between the observed X-ray and UV variations.
2 OBSERVATIONS AND DATA REDUCTION 2.1 Swift monitoring 1H 0707-495 was monitored by the Swift observatory (Gehrels et al. 2004 ) for a year, between April 2010 and March 2011 with an interval of ∼ 3 − 4 days between consecutive observations. During this year long monitoring, the object was observed daily during 18 -31 January, 2011 when it was in a low flux state, which actually lasted for almost two months (between December 2011 -January 2012). During this low flux state XMM-Newton also observed the source ). The Swift X-ray observations were made using the X-ray Telescope (XRT; Burrows et al. 2005) while the UV observations were made with the UV and Optical Telescope (UVOT; Roming et al. 2005) with the UVW2 filter. The central wavelength of UVW2 filter is 1928Å, and it covers the wavelength range between 1800 -2600Å.
We performed photometry using the UVW2 images acquired with the UVOT. We followed the Swift UVOT Software Guide 1 for analyzing this dataset. The raw images were corrected for bad pixels, modulo-8 noise and flat fielding. Sky transformation was done using swiftxform task. Resultant images were later used to perform the photometry using the task uvotsource. A source region of 5 ′′ centred on the source and a nearby background region, devoid of any sources, of 15 ′′ was used to perform photometry. We filtered the UVOT data for possible 'flux dropout' which occurs when the source falls on specific regions of the detector following the method given in the Appendix of Edelson et al. (2015) . We could only find three dropout points which were subsequently removed from the further analysis. The XRT light curves were derived in the soft (0.3 -1 keV) and hard (1.5 -3 keV) energy bands (SX and HX, respectively), using the "Swift-XRT products" generator web tool 2 . The energy limits were selected based on the results of Dauser et al. (2012) and Fabian et al. (2009) , who showed that these bands are dominated by two different components; the hard band by the direct, continuum emission and the soft band by the soft-excess emission (which may be due to X-ray reflection). The web tool generates the image, light curves and spectra, if the source counts are sufficient using all the available datasets. Light curves in the same bands were also generated manually using the XSELECT for cross verification. The results were consistent and no significant deviations were observed. Therefore, we prefer to use the pipeline results as those incorporate additional finer steps like pile-up correction. Figure 1 shows the UVW2, SX AND HX long-term light curves over the whole period of the Swift observations. The bottom panel in the upper plot of the same figure shows the hardness ratio (HR), defined as the ratio of the HX over the SX count rate. The Swift light curves show clear X-ray and UV variations. To quantify this variability, we computed the fractional variability amplitude (Fvar) of each light curve (Vaughan et al. 2003) . The UVW2, SX and HX variability amplitudes are 12.4 ± 0.2 %, 76.7 ± 1.1% and 87.1 ± 3.5%, respectively. Thus, the variability amplitude is energy dependent and decreases with decreasing energy. The hardness ratio also varies significantly. We get a χ 2 value of 451 for 95 degrees of freedom (dof), when we fit a constant line to the data. This result indicates significant, long-term spectral variations, with a fractional variability amplitude Fvar,HR = 31.8 ± 5.1, which is smaller than the two X-ray bands but larger than the UV variability amplitude.
Although the HX and SX light curves appear to be similar, this is not the case with the UVW2 light curve as well. The UV light curve shows broad, long term variations, which are not present in the X-ray light curves. The most striking example is the steady UV flux increase after ∼ 250 days since the start of the observation, at the same time when the X-rays are in a very low state, and remain at a constant level, except perhaps the last ∼ 20 days of the monitoring campaign, when the SX flux appears to increase as well. The lack of correlation between the UVW2 and the X-ray light curves is evident in the bottom panels of Fig. 1 , where we show the UVW2 count rate plotted as a function of the SX and HX. On the contrary, an excellent correlation is observed between the SX and HX count rates (bottom right panel of the same figure). ). There are more than 300 frames taken with this filter, resulting in a data set which is ideal for the study of the X-ray/UV correlation on times scales as short as a few hundred seconds (as opposed to a few days, in the case of the Swift data). The typical exposure time of the OM observations is ∼ 2 ks. During the 2010 observations, the OM was operated with various filters. Furthermore, the total number of OM observations is much smaller. Consequently, it is not possible to probe the short timescale X-ray/UV correlation with this data set. In addition to these observations, the source was also observed once in 2000 and four times in 2007 for ∼ 40 ks. These observations are too short to be useful in this study.
XMM-Newton observations
We acquired the Observation Data Files (ODFs) for the 2008 XMM-Newton observations from the HEASARC 3 archive. The detailed observation log of 1H 0707-495 is given in Table 1 . We used both the OM and EPIC-PN data. The data were reprocessed and filtered using the XMM-Newton Science Analysis System SASv13.5 4 with the latest calibration files and following the SAS ABC guide 5 . We used the standard SAS processing script omichain to reduce the OM imaging data. We reprocessed all the datasets using the script epproc to produce calibrated X-ray images. We considered good quality, single and double events by setting FLAG = 0 and PAT-TERN 4. By generating background light curves above 10 keV, each dataset was examined for the flaring particle background. The intervals where the data were severely affected by such background flaring were filtered appropriately. The observations were checked for possible pile-up but we found no evidence for pile up in any of them.
We created time-selected event lists using the start and stop times of the UVW1 frames. In this way, we were able to construct light curves in the soft (0.3 -1 keV) and hard (1.5 -3 keV), X-ray bands, which are binned exactly like the OM light curves. shows the resulting light curves. They clearly demonstrate significant X-ray and UV variations. The fractional variability amplitude of the HX, SX and UVW1 light curves is 58.6±0.5%, 33.3±0.2% and 1.6±0.1%, respectively. The UVW1 variability amplitude is in agreement with that reported by (Robertson et al. 2015) using the same XMM-Newton data. Just like with the long term variations, the short-term variability amplitude is energy dependent, increasing with increasing energy. We also computed the hardness ratio, as before (i.e. the ratio of the hard over the soft X-ray count rate). The HR is also variable (see fourth plot from top in Fig. 2) , with an amplitude of Fvar,HR = 30.8 ± 0.5. In the bottom panels of Fig. 2 we plot the UVW2 count rate as a function of the SX and HX count rate. Similar to Swift observations, there is no apparent correlation between the observed UV and X-ray variations on short time scales as well. Contrary to this, the short-term soft and hard X-ray variations are positively correlated, to a high degree.
XMM-Newton TIME RESOLVED SPECTRAL ANALYSIS
The XMM-Newton X-ray count rate is much higher than the Swift count rate. Thus, we used the XMM-Newton data to perform time resolved spectroscopy (TRS) to study the X-ray spectral evolution on short timescales. To this end, we used the final cleaned event lists and the time-selected event lists we mentioned in the previous section to extract the X-ray spectrum during the same time intervals of the OM frames. This allow us to perform correlation study between various spectral parameters and the UVW1 rate. We used a circular region of radius of 35 ′′ to 40 ′′ centred on the source. We subtracted background spectra which were extracted from source free circular regions on the same chip. The EPIC responses i.e., the redistribution matrix file (RMF) and the effective area file (ARF) were generated using the SAS tasks rmfgen and arfgen, respectively. The resulting spectra were then grouped using FTOOL task grppha to a minimum of 20 counts per spectral bin so that the χ 2 minimization technique could be employed.
We fitted the time resolved spectra over the entire 0.3 -10 keV band with a simple, phenomenological model which consists of two components: a power law component (PL), to account for the continuum emission, and a black body component (BB) to account for the soft excess emission. Both the components were modified for Galactic absorption (NH = 6 × 10 20 cm −2 Dickey & Lockman 1990) by using the photo-electric absorption model wabs. Our adopted model is rather simple but, given the short duration of the OM exposures, the resulting X-ray spectra do not have the necessary quality to reveal all the complex features that have been seen in the past in the overall spectrum of the source. In any case, our simple model is capable to characterize the basic shape of the X-ray spectrum, as we show below.
The left panel of Fig. 3 shows a typical spectrum, the overall and the individual best-fit model components. The two components account for the emission in different regions of spectrum. The PL component accounts for the whole continuum emission above ∼ 2 keV, while the black body accounts for the excess Xray emission at lower energies (during the model fitting process, we always checked whether the PL and BB components are fitting the appropriate parts of the spectrum). The model fits the spectrum well (χ 2 = 142 for 154 degrees of freedom -dof). The right panel of Fig. 3 shows the best fit,χ 2 reduced values corresponding to the best-fit model of each spectrum. The fits are more or less acceptable. For example, there are just 13 spectra where the best-fit null hypothesis, P null (i.e. the model is consistent with the data) is smaller than 1%. In these cases, the best-fit residuals show large deviations of the data from the best-fit model at a few energy points, which are distributed randomly over the whole energy range. We therefore conclude that the chosen model represents the overall shape of the observed spectra rather well. Finally, we computed the PL and BB (unabsorbed) flux (fP L and fBB ) in the energy bands 1.5-3 and 0.3-1 keV, respectively, using the XSPEC convolution model cf lux. Figure 4 shows the correlation between various best-fit spectral parameters. The errors correspond to the 1 σ confidence level. The top-left panel in Fig. 4 shows the correlation between the PL and the BB flux. This plot is analogous, but not identical, to the bot- cles in all panels of this figure indicate the data in the two different branches of the fBB − −fP L plot, which we will refer to as the "left" and the "right-branch" points, respectively). We defined the "Hard Flux ratio, HFR, as: HFR=fP L/fBB . This ratio is is indicative of the strength of the hard band PL with respect to the soft excess emission. The red line in the top right panel of Fig. 4 indicates the HFR=0.15 line. All the right branch points are located on the right side of this line. In these observations, the hard band, PL flux is enhanced with respect to the soft excess flux. The appearance of two branches in this plot is not the result of the fact that out phenomenological model does not fit well some spectra. Most of the spectra where the best-fit p null is less than 0.01 fall on the left branch, where the majority of the points lay anyway. The top-right panel in Fig. 4 shows the PL spectral slope (Γ) vs fP L. As is commonly observed in Seyfert 1 galaxies (e.g. Sobolewska & Papadakis 2009), the Xray spectral slope is positively correlated with the PL flux with a correlation coefficient of 0.48 (p null = 3 × 10 −13 ). The vertical green line indicates the f pl = 8 × 10 −13 erg cm −2 s −1 limit. Clearly, all the right branch points correspond to observations where the hard band flux is larger than 0.3 counts/s. There is a tight correlation between fP L and the HX count rate, and the 8 × 10 −13 erg cm −2 s −1 PL flux limit corresponds to a HX rate of 0.3 counts/s. The horizontal line in the third panel of the Fig. 2 indicates this limit.
THE TRS RESULTS
In most cases (but not always), when the hard band count rate is larger than ∼ 0.3 count/s and the source shows "flare like" peaks in its light curve, the increase of the fP L flux is stronger than the increase of the soft excess flux, so that HF R > 0.15. At the same time, the PL spectral slope appears to be constant at Γ ∼ 2.7 − 2.8, irrespective of the Xray continuum flux.
The mid-left panel in Fig. 4 shows the BB temperature (kTBB) as a function of the PL flux. We observe a strong correlation between fP L and kTBB. The correlation is strong for both the left and the right-branch points. We fitted the kTBB − −fP L data with a straight line using the ordinary (Y/X) least square regression method, following (Isobe et al. 1990 ). The resulting best-fit line is: kTBB = 0.11(±0.01) keV+1.33(±0.11)×10
10 fP L. The best-fit line intercept indicates the presence of a constant blackbody component on the probed timescales, which could be due to the disc thermal emission itself.
The mid-right panel in Fig. 4 shows that the BB flux broadly increases with increasing temperature. We estimate a correlation coefficient of r = 0.22, which indicates a rather weak correlation between fBB and kTBB (although weak, the correlation is significant, as the null hypothesis probability, p null , is 2 × 10 −3 ). The fact that fBB broadly increases with increasing disc temperature is expected, since the BB flux should depend on the temperature. The fact that the correlation is not strong is probably due to the fact that the left-and right-branch points follow two separate tracks in this plot, and the normalization of the right-branch fBB − −kTBB track (open circles) is smaller than the normalization of the leftbranch track. Indeed, when we consider the right and left-branch points separately, the correlation coefficient increases to 0.46 and 0.29 (p null = 2 × 10 −4 and 4 × 10 −4 ), respectively. The bottom panels in Fig. 4 show the correlation plots between the best-fit PL Γ vs fBB , and the UVW1 count rate (left and right panels, respectively). The spectral slope variations do not correlate with the BB flux, when we consider all the points together (r = 0.15, p null = 0.04). However, a significant (albeit weak), positive correlation is detected when we consider the left branch points only (r = 0.24, p null = 4 × 10 −3 ). As for the Γ vs UVW1 correlation (right bottom panel in Fig. 4 , we detect a weak anticorrelation (r = −0.23) when we consider all data, which is significant (p null = 1 × 10 −3 ). The anti-correlation does not appear as significant, when we consider either the left or the right-branch points.
Finally, in Fig. 5 we plot the UVW1 count rate versus the bestfit PL and BB flux (left and right panels, respectively). The UVW1 vs fP L plot is almost identical to the UVW1 vs HX plot shown in Fig. 2 . This is not surprising, as fP L should be directly representative of the HX count rate. On the other hand, fBB accounts for just a portion of the SX count rate. We detect an anti−correlation between UVW1 count rate and fP L (r = −0.27, p null = 1 × 10 −4 ). We reach a similar result when we consider the UVW1 vs HX plot as well: r = −0.23, p null = 8 × 10 −4 . The UVW1-fP L anticorrelation can explain the Γ−UVW1 anti-correlation as well, since Γ and fP L are positively correlated. On the other hand, we do not observed any significant correlation (positive or negative) between the UVW1 count rate and fBB(r = 0.08, p null = 0.26). Due to the fact that the BB emission contributes mainly in the SX band, the UVW1-SX count rate (anti)relation, is not as significant as the UVW1-HX anti-correlation (r = −0.16, p null = 0.02).
DISCRETE CROSS-CORRELATION ANALYSIS

The long term UV/X-ray cross-correlation
We computed cross-correlation functions using the Discrete Correlation Function (DCF) (Edelson & Krolik 1988) , as implemented in Python (i.e. pydcf). First, we considered the one year long Swift data to estimate the cross-correlation between the UV and the Xray light curves on timescales of days/weeks. The Swift DCFs were calculated using a lag bin size of 4 days. The left panel of Fig 6 shows the DCF calculated using the Swift UVW2 and SX light curves (the UVW2/HX DCF is identical). The lags are such that a positive lag implies that the UV lag the X-ray variations.
We do not detect a positive correlation between the UV and X-ray bands, at almost any lag. Instead, we observe a moderate anti-correlation (DCFmax ∼ −0.5), with the UV leading the Xrays by ∼ 50 days. We calculated the centroid of the DCF, τcent, as the mean of all the DCF points which are 0.8×DCFmax, and we accepted it as our estimate of the time lag between two light curves. We also computed the average DCFmax as the mean of the DCF values of the same points. We found that τ cent,UV/SX = −56 days and DCF max,UV/SX = −0.54 (similar results hold for the UV/HX DCF). A second negative DCF peak is also observed at +100 days, however this time lag is just three times smaller than the total duration of the light curves, hence its significance is rather uncertain.
In order to estimate the significance of the detected anticorrelation we followed the Monte Carlo methods proposed by Peterson et al. (1998) . We created 10000 pairs of synthetic light curves, and we calculated the discrete correlation of each pair (DCF simul ). The dotted and dashed lines in the left panel of Fig 6 indicate the 68% and 99.7% range of DCF simul , in each lag. The negative DCF at lag ∼ −55 days appears to be significant at the 3σ level. We computed τ cent,simul and DCF max,simul of all DCF simul , exactly as we did with the observed light curves. We used these values to construct the respective sample distribution functions, which we assume are representative of the intrinsic distribution of τcent and DCFmax. The τ cent,simul and DCF max,simul distributions are also plotted in Fig. 6 (middle and right panels, respectively). τ cent,simul distribution is very broad, while the DCF max,simul distribution is rather narrow. Using these distributions, we estimated the 95% confidence limits on the observed centroid time lag and max DCF: τ cent,U V /SX = −56.0 +55 −38 , DCF max,UV/SX = −0.54 +0.08 −0.10 . We conclude that, on time scales longer than a few days, the Swift data imply an anti-correlation between the UV and the X-ray light curves in 1H 0707-495, but we cannot determine the delay accurately.
The short term UV/X-ray cross-correlation
We used the XMM-Newton data to compute the DCFs between the HX and SX light curves, and between the UVW1 and the SX light curves. These DCFs are appropriate to study correlation on time scales of a few thousand seconds. We used the X-ray light curves binned like the OM light curves (see § 2.2). To compute the X-ray DCF we chopped the SX and HX light curves in segments which were 20 ks long. We estimated the DCF for each one of them (using a lag bin size of 2 ks), and we computed the mean DCF at each lag. By chopping the light curve in short segments, and by subtracting each segments mean from the points in each segment when we estimate the DCF, we eliminate (to some extent) the variations on time scales longer than ∼ 20 ks. This is a simple pre-whitening method, in order to estimate the time lags on time scales roughly equivalent, or smaller, than the size of each light curve segment. In addition, by suppressing the long term variations, the DCF of each segment is, to the extent, independent from the DCF of other segments (perhaps, for this reason, the sample DCFs of the individual segments look so different -see Fig. 7 ). As a result, the mean DCF at each lag, and its error, could provide a more reliable estimate of the cross correlation of the short term variations, and its uncertainty. The mean X-ray DCF is shown in the left panel of Fig. 7 . In both panels, the grey lines indicate the individual DCFs, the filled circles show the mean DCF, and the shaded area is representative of the error of the average DCF. In both plots, a positive lag would indicate that the first mentioned band in the plot's label is leading the second band. The resulting DCFs conform the results we report in §2.3 We observe a strong, positive correlation at zero lag in the case of the HX vs SX correlation. The average UV/X-ray correlation is consistent with zero at all lags from −40 to +40 ks. Negative DCF peaks (which are not significant though) appear at lag∼ 0 and ∼ +35 ks. This is the right size for the delays, but it is the UV variations that are leading, and the negative DCF suggests an anti-correlation.
SUMMARY & DISCUSSION
We investigated the UV/X-ray connection in 1H 0707-495 on long and short time scales, using a year-long Swift monitoring observations during 2010-2011, and four long XMM-Newton observations performed in 2008. We studied correlations between the UV flux and the count rate in the soft and hard X-ray bands. We used the XMM-Newton data to perform time-resolved spectroscopy on short time scales, of the order of ∼ 1-2 ks. We parametrized the Xray continuum and the soft-excess with a simple PL and BB model, respectively. On short time scales, these models fully account for the 2-10 keV and the soft-excess flux, respectively. Using the results from the TRS study we investigated the connection between the two X-ray spectral components and with the UV. We summarize our main results below, and we discuss their implications in the following sections.
• We found significant UV and X-ray variations, on both long and short time scales. The variability amplitude increases from the UV, to the soft, and then to the hard X-ray band. In each band, the longer Swift light curves have a variability amplitude which is larger than the (shorter) XMM-newton light curves. This is typical behaviour for Seyferts.
• We detect an anti-correlation between the UV and the X-ray flux variations, on both long and short timescales, although the long term anti-correlation is tentative (see below). The UV emission does not correlate with the BB flux (i.e. with soft excess).
• The BB and PL flux are positively correlated, but the correlation is complicated, as we observe two branches in the fBB vs fP L plot.
• The power law spectral slope steepens with increasing PL flux. The spectra slope does not correlate with the UVW1 count rate, while we observe a weak (but significant) positive correlation with fBB.
• We observe a strong positive correlation between the blackbody temperature and the power-law flux.
• The BB flux correlates positively with kTBB , although the correlation is rather weak, with lots of scatter in the fBB − −kTBB plot.
The UV/X-ray connection
As we mentioned in the Introduction, numerous past studies have revealed a (weak) positive correlation between the UV and X-ray variations. In most cases, the X-ray leads the UV variations, while the opposite has been observed in a couple of sources. Our results show that 1H 0707-495 is unique among the AGN that have been studied so far.
On long time-scales, we find the UV flux to be variable, and at the same time, to be anti-correlated with the X-ray variations, with the UV leading the X-rays by about ∼ 50 days (the error on the estimated delay is large, and a zero delay cannot be rejected). We inspected visually the DCF of many pairs of simulated light curves and we saw that, in almost all cases, they are predominantly negative, with narrow, large amplitude peaks, which appear over a very broad range of time lags. This explains the broad distribution of τcent but also the rather narrow distribution of DCFmax at values smaller than -0.5. Our results are consistent with Robertson et al. 2015 , who detected an anti-correlation between UV and X-rays, with the UV leading the X-rays by about ∼ 6 days. Although the anti-correlation appears to be significant, results like e.g. periodicities (or delays, in our case) which are based on a small number of cycles in the observed light curves do not necessarily correspond to an intrinsic time scale in the case of variations which are due to a red-noise random process (as is the case with the AGN X-ray and optical/UV light curves; e.g. (Uttley 2006) . Due to the red noise nature of the light curves variations may look like they are correlated (or anti-correlated) with some delay, just by chance. False correlations appear when the light curves are not far longer than the observed "signal". In our case, the delay of ∼ 55 days is just 7 times shorter than the total length of the Swift light curves, perhaps not large enough to be certain it is real.
What is though clear is that the long term variations of the source are not positively correlated. This result is certainly not consistent with the hypothesis of X-ray reprocessing being the main driver of the observed UV variations on long time scales. This is puzzling, given that the evidence for X-ray disc reflection is strong in this object (see section 6.3). One possible explanation for the lack of positive correlation between UV and X-rays is that the Xray source is located very close to the central BH. In this case, the X-rays should be strongly "beamed" (bent) towards the inner disc, and will not be able to illuminate the outer part of the disc, where the UV emission is produced. At the same time, the UV/X-ray anti-correlation (or no positive correlation) is also not consistent with the hypothesis that the variations are produced in the outer part of the accretion flow (due to random fluctuations in the accretion rate) and then propagate inwards, affecting first the UV emitting region and then the X-ray light curves.
The possibility of a UV/X-rays anti-correlation is enhanced by the fact that we also find significant evidence for a similar anticorrelation in the XMM-data as well. The UVW1 vs HX DCF does not show a significant negative peak at time scales shorter than half a day or so, but the correlation coefficient between the UVW1 and HX count rate (or fP L) strongly suggests an anti-correlation, even at time scales as short as a few thousand second. We cannot provide any reasonable explanation of this anti-correlation. Further monitoring of the source (in both UV and X-rays), will be helpful to understand this puzzling result.
In any case, the anti-correlation is relatively weak: ∼ −0.3 on short time scales, and ∼ −0.5 on longer time scales. This result suggests that the main variability mechanisms in the innermost and in the outer disc regions, which regulate most of the observed X-ray and UV variations, are independent of each other. Whatever is the physical cause for the X-ray variations variations, it does not appear to affect the UV emitting region. Therefore, the question as to which is the physical mechanism responsible for the UV variations in 1H 0707-495 is still open.
Absorption induced UV variability
One possibility could be clouds (like the broad line region (BLR) clouds, for example) moving across our line of sight. In fact, such BLR clouds have been invoked to explain the eclipsing X-ray variability of some AGN such as NGC 1365 (Risaliti et al. 2005; Maiolino & Risaliti 2007) . If these clouds are in the form of a flattened ring or torus like geometry, they can eclipse the central Xray source if the inclination is large (e.g., the case of the intermediate Seyfert NGC 1365). In case of low inclination, the clouds may obscure the disc at large radii (where the UV continuum emission originates), while leaving the central X-ray source unattenuated. Such a geometry may at work in 1H 0707-495, where there is no evidence of intrinsic X-ray absorption. If the UV variability is really caused by the moving BLR clouds, we expect to see optical/UV color variations correlated with the UV flux. Unfortunately, the XMM-Newton and Swift observations were performed in a single filter and the possibility of colour variations could not be examined. Simultaneous observations in two optical/UV bands and in the X-ray band, such as those possible with the multi-wavelength mission AstroSat for example, will be able to probe possible absorption/extinction of the UV emission by the BLR clouds.
Soft excess as X-ray reprocessed thermal emission
The detection of broad iron K and L lines, and the 30 s time delay between the primary continuum and the soft band X-ray emission containing the iron L line have clearly demonstrated the presence of relativistically blurred reflection arising from the innermost disc in 1H 0707-495 Fabian et al. 2009 ). Since not all X-rays are reflected, the strong illumination should result in reprocessed disc emission, which should be closely linked with the primary X-ray emission. Some of our results are fully consistent with X-ray reprocessing taking place in 1H 0707-495.
For example, we find that the soft excess in this object is well reproduced by a BB component with a temperature of ∼ 0.11−0.14 keV. As we discussed in §4, some of the BB flux should originate from the intrinsic disc thermal emission itself. Disc emission at such high energies is expected in the case of highly accreting sources with a maximally spinning central BH (see for example Fig. 1 in (Slone & Netzer 2012) : the SED of a disc around a maximally spinning, 10 7 M⊙ BH, peaks at energies even higher than 0.1 keV, when the accretion rate is 0.3 of the Eddington limit).
The BB temperature is variable and is positively correlated with the PL continuum flux (middle left panel of Fig. 4) , with no delay 6 . This is what we would expect if the soft excess flux is due to X-reprocessing on the disc. In this case, the part of the X-ray flux which is not reflected off the disc is absorbed and can increase the disc temperature. As a result, the disc could emit in the soft Xray band. In this case, it is natural to expect a positive correlation between the PL flux and kTBB.
The BB flux should depend on kTBB and the area of the emitting region. Since the BB temperature responds to the primary flux, the BB flux should also be variable and should also correlate, positively, with the X-ray primary flux. This is indeed what we observe (left top panel in Fig. 4) . However, the correlation is rather complex, showing a possible bi-modal behaviour. Most of the times, when the primary Xray continuum flux exceeds ∼ 8 × 10 −13 erg cm −2 s −1 , the PL over the soft excess flux ratio increases. These high PL fluxes are associated with short, flare-like events.
But, we cannot be certain whether the source indeed operates in two distinctive modes, as the middle right panel in Fig. 4 suggests a slightly different picture. The bi-modal behaviour is not very clear in the fBB − kTBB plane, as at any given kTBB (and hence fP L) we observe a range of soft-excess flux values. The less than perfect, noisy fBB − kTBB correlation can be explained if the soft-excess emitting surface area is also variable. The right-branch points could correspond to a smaller emitting area when compared to the left branch points with the same kTBB (and hence fP L). To investigate this possibility further, we fitted the left and right branch data in the middle, right panel in Fig. 4 with a straight line, using the OLS(Y|X) method of Isobe et al. (1990) . We found that the best-fit lines have the same slope (i.e. they are parallel), while the ratio of the left branch over the right branch best-fit normalisation is ∼ 1.1. Since the BB flux should be proportional to R 2 T 4 BB , the ratio of normalizations should be proportional to the square of the average ratio of the emitting region size in the left and right branch "states". Our results indicate that, on average, an increase in the size of the emitting region by a factor of ∼ 5% can explain the mean difference between the left and right branch points (for the same BB temperature). This situation points to a "dynamic" corona, with a variable geometry. If, the height and/or the size of the X-ray corona are randomly variable (irrespective of the flux), the size of the disc reprocessing region will also vary accordingly, explaining the noisy, broad correlation between fBB and kTBB.
Spectral variability and the seed photons for Comptonization
The photon index of the X-ray power law is strongly correlated with the power-law flux, without any measurable delay 7 . The power law is found to steepen at higher flux. This type of spectral behaviour is common in Seyfert 1 galaxies studied by Sobolewska & Papadakis (2009) and other authors e.g. 3C 120 (Zdziarski & Grandi 2001) , NGC 3227 (Markowitz et al. 2009 ), Ton S180 (Romano et al. 2002) , NGC 7469 (Nandra et al. 1998) .
This behaviour can originate by variations of a complex absorber (as e.g., in the case of NGC 1365), but lack of absorption features in the X-ray spectrum of 1H 0707-495 rules out this possibility. Another possibility is that the spectral variability is the result of variable power law normalization and a relatively steady blurred reflection. However, our spectral slope measurements have been made by taking into account the independently variable soft X-ray excess component, so this is not a viable explanation.
This steeper when brighter behaviour can also be explained in the case of thermal Comptonization in a hot plasma irradiated by variable seed photons (e.g., Zdziarski & Grandi 2001 ). An increase in the input photons flux can cool the X-ray corona, thus producing a steepening of the spectral slope Γ. We therefore expect a steepening of the spectrum with increasing soft input flux. However, as we discussed in §4, we detect an anti−correlation between UVW1 and Γ, on short time scales. On longer time scales, we do not observe any correlation between UV and spectral slope variations (when we estimated the correlation coefficient between UVW2 and HR, we found r = −0.28, with p null = 0.01). We therefore conclude that neither the UVW2 nor the UVW1 photons are the majority of the input photons to the X-ray corona.
On the other hand, we argued above that strong X-ray illumination of the inner disc takes place in 1H 0707-495, and is responsible for the (variable) soft excess in this source. In this case, we would expect the soft excess emission to contribute a significant part of (if not the whole of) the soft input photons to the corona. We observe a significant positive correlation between fBB and Γ (see §4). This is the kind of correlation we would expect if the BB (i.e.
